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APPLICATICNS OF PHASE COMPARISON IN DIRECTION FINDER SYSTEMS 
INTRODUCTION 


Radio direction finding has its origin almost as early as radio 
communications itself, but with the advent and development of radar and 
loran, the use of direction finders took on a secondary importance. 
However, as is usually the case, development was not stopped or abandoned. 
Much effort has been, and is being, spent in research and improvement of 
direction finding systems, and, logically enough, from this concerted 
effort many new uses for direction finders evolved. 

As its name implies, it is an aircraft instrument of great value 
and importance. Small privately-owned vessels which cannot afford 
rader and/or loran are usually equipped with a direction finder. Locat- 
ing enemy transmissions, monitoring and administrative control of aircraft 
flights, homing, and rescue operations are more recent uses to which 
direction finding has been adapted and found very suitable. 

Direction finders are classed in many ways, for example according 
to the type of antenna system which they use to receive the signal. 
These may include multi-turn loop antennas, spaced vertical antennas, 
ADCOCK or U antennas, or balanced coupled antennas. Classification may 
also be made as to whether the direction finder makes use of a rotating 
or of a nonrotating antenna. Usually portable types as used in aircreft 
and shipboard installations use rotating antennas; whereas shore based 
systems use fixed antenna systems. 


Regardless of the antenna array, however, each direction finder 
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system falls into one of two categories. Each measures the direction 

of an incoming electromagnetic wave by a voltage comparison. Voltages 
which are derived from the signal whose direction is desired are compared 
to a reference voltage, the phase or amplitude of which can be controlled. 
Either these voltages are compared as to amplitude or as to phase. 

There are many systems in use for each of these comparison methods and 

it is the purpose of this paper to discuss a few of these systems which 
use the method of phase comparison. Several systems will be described. 
A rotating loop antenna system, systems using vertical antennas, and 

the most recent use of direction finders called omnirange will be 
covered. All of the material presented in this paper is drawn from 
periodicals, pamphlets, and publications. Superscript numbers refer to 


numbered references in the bibliography. 
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CHAPTER ONE 
ROTATING LOOP SYSTEMS 


The great majority of present day direction finders make use of a 
rotating antenna of the multi-turn loop type. It has the merit of 
simplicity, can be made weatherproof and rugged, and, if the loop possess- 
es a sufficiently high 'Q', will produce a good signal while being very 
compact. The output voltage of a loop antenna varies directly as the 
number of turns, the area of the loop, and the cosine of the angle of 
the incoming wave with respect to the direction parallel to the loop. 

It varies inversely as the wave length. Since the output varies directly 
with the cosine of an angle, the loop possesses a 'figure of eight’ 
reception pattern, provided the dimensions of the loop are small as 
compared to a wavelength. 

Since two minima are obtained with a simple loop antenna, it is 
quite impossible to decide which is correct. Modern direction finder 
systems are usually equipped with a means of determining absolute 
direction or 'sense'. The receiving properties of the vertical loop 
and a vertical antenna that is non-directional in the horizontal plane 
are combined. The non-directional antenna has a circular reception 
pattern. When the loop and the vertical antenna voltages are equal and 
added in phase, a ‘cardioid' pattern is obtained, giving a single minimum 
with a maximum 180 degrees away from the minimum. Hence, the ambiguity 
as to the actual direction of the incoming signal no longer exists. 


Accordingly, the non-directional antenna used with the loop is called a 
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'sense antenna'. Furthermore, the minimum of the cardioid is in the 
plane of the loop and 90 degrees away from the minimum of the 'cosine' 
diagram of the loop alone. 

The radio frequency carrier in the loop channel reverses when the 
loop is rotated through a null point. This can be seen by reference 
to figures 1-3. When the horizontal lines of flux in the incident wave 
cut the two vertical members of the loop, the instantaneous voltages 
induced in members A and B are in the same direction. Corresponding 
currents then flow in opposite directions around the loop (see figure 1) 
and will wanpheteif neutralize one another if the instantaneous voltages 
induced in members A and B are the same. Since the magnetic field of 
the wave is alternating, the instantaneous flux density at any point 
along the line of wave travel varies sinusoidally. 

When the phase of the wave at the loop is 0°, (see figure 2a) as 
at loop position L), the lines of flux cutting the loop are in opposite 
directions at its two vertical members. Therefore the induced voltages 
in the vertical members are in opposite directions. The resulting currents 
are then in the same direction around the loop, and the loop voltage is 
maximum. At the 180 phase point (loop position L,) the loop voltage 
is again maximum but in the opposite direction around the loop. At the 
90° and 270° phase points (loop positions L3, Ls); the flux density 
and direction is the same at both sides of the loop so that the resultant 
loop voltage is zero. At all other phase points the flux density is 
different at the two sides of the loop although the flux direction is the 





hd ee me a TO ORT ee wears 
tiie! a? So hunni he a7) Ce mnt Gee een ou ly 
es 

A ike Siltrere aean nT Mab ah eran omevrd eled ot 
rerutes ad ed (ERD tinted ta a tweens bevten wt 
Fel Sunt Te eeney Basen inn at woe t-te 
satya Fe pam ate Ste pmenme Lettie wt le A 
<= Pe ee ad 1 ome Se creer 1) eel 
— ct ma) ei ety teens lima ww malt tr 
wd Now Et cana re Levine cindilome 1 
wie a ee le ee 
ean cc poco! olf Seacau 016d | 
cafLeaamace ease Heck ome et Eh 
We 86 get A be ere od et et ll 


i mr cone ar 


eee fcirws wel eff fe 








































egepenal>--o lunge Ol ome evekew lee! 


eR eae ay oak 
de ee 
Te 

Vibe rees ots Cal ge wml lives mel) obvi ath ye Vie 
ee te Oe ee ee ee | 

eee en ee a) 
ee 





ad. 
ue 



















= 


Maly = 


aa Cuprents pdeced tr» loop antenna 
Ya saan i a. 


Fieuveeé 7. 








Oo 70° /80° 270° 360° phase 


Q) top wew_of loop_at arious phates of the sncidenl wave. 





b/)one cych of Lad cod loop thHage. 


Figuvté. 2+ 





same. The effective loop current is then the difference of the two 
opposing currents induced in the two sides, and the loop voltage is 
proportional to the current differences. From figure 2b it can be 

seen that the effective loop voltage differs in phase from the incident 
wave by 90°. 

When the loop is in position Io® (see figure 3) its plane is parallel 
to the lines of flux and perpendicular to the direction of wave travel so 
there is no flux linkage and hence zero or null response. As the loop is 
turned to successive positions as shown (position L309» Lgo » etc.) it 
will link successively more and more lines of flux until, at position 
I99°, its plane is parallel to the direction of wave travel and it links 
the maximum flux. As the loop is rotated further it links less and less 
flux until, at position Iygp° the flux linkage is again zero and its 
response is again a null. The flux linkage and loop response increases 
with continued clockwise rotation, reaching a maximum in the Lon? 
position, in which the loop is again parallel to the direction of wave 
travel, The response decreases over the remainder of the rotation back 
to the original null. It is seen that for the first half of the loop 
rotation from the original null to the second null position, the flux 
linkage relative to the loop is always in the same direction, whereas 
for the remainder of the rotation from the second null position back to 
the first, the flux linkage relative to the loop is in the opposite 
direction (see curved arrows of figure 3). The phase of the loop voltage 
for the two halves of the rotation will then differ by 180, the phase 


reversal occurring as the loop is turned through its null position. 
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A typical system |;<using a loop antenna and sense antenna combination 
operates as follows. The radio frequency signal picked up by the loop is 
amplified and then passed through a phase shifting network which gives the 
signal a 90 degree phase lag. This makes the loop signal either in phase 
or 180 degrees out of phase with the sense antenna voltage, the phase 
being dependent upon transmitter direction being rizht or left of a null 
(see figure 4.). From the phase shift network the loop signal is coupled 
in phase to the grids of a two element balanced modulator. Simultaneously, 
these grids are fed in push-pull at an audio frequency; for example, 115 
cycles from the a.c. vibrator supply. Thus in the balanced modulator 
stage the radio frequency voltage is modulated at 115 cycles in a radio 
frequency ‘phase! determined by which edge of the loop is nearer the 
transmitter (see figure 5.). The output of the balanced modulator is 
a carrier-suppressed double sideband signal, the sidebands corresponding 
to the 115 cycle modulating frequency. The modulated loop signal and 
the sense antenna signal are simultaneously coupled to the grid of a 
common amplifier and thence to a typical receiver consisting of a 
converter, intermediate frequency amplifiers, and second detector (see 
figure 6.). The output of the second detector consists of a 1l5eps 
voltage which is either in phase or out of phase with respect to the 
original ll5cps voltage. The phase of the audio frequency voltage at 
the detector of the receiver is also changed by 180 degrees when the loop 
is reversed (see figure 7.). 

The reversing of the audio frequency phase causes the loop to be 
driven by a reversible motor to a point of null loop signal pickup. 


Since the motion may be in one direction when the initial position of the 
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loop is between zero degrees and 180 degrees and in the opposite 
direction for bearings between 180 degrees and 360 degrees, it is evident 
that the loop will always drive to a null. The usual loop system uses 
a two phase a.c. motor which requires that its two fields be excited by 
two voltages of the same frequency and of 90 degrees phase difference. 
If this difference is of one algebraic sign, the motor will rotate in 
one direction, while if the sign is reversed, the direction of rotation 
will also be reversed. 

From the detector the audio signal is passed through a 90° phase 
shift network and amplified. The output of this amplifier is coupled 
to one winding of the loop motor. The direction of rotation of this 
motor is determined by the phase (+90 or -90 ) of the 115cps voltage 
applied to this winding with respect to that applied to the other 
winding derived from the 115 cycle source. This phase is, in turn, 
determined by the position of the loop. The ll5cps reference voltage is 
coupled to the other winding of the loop motor. The 115cps voltage 
derived from the loop signal will cause the loop motor to rotate the 


loop to the null position where no signal is received. 
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CHAPTER TWO 
FIXED LOOP SYSTEMS 


Worthy of mention among direction finder systems using loop 
antennas are those using fixed loops. Normally the system consists 
of two loops at right angles to each other. One loop (A) receives 
signals proportional to the sine of the azimuth angle (%) of the 
arriving signal. The other loop (B) receives signals proportional to 
the cosine of the azimuth angle of the arriving signal. 

In a system? using this type antenna the output of loop A (see 
figure 8) is coupled to a radio frequency switch (switching at frequency 
f,). The output is a constant amplitude signal consisting of e, and 
eo (voltages from either side of the loop). These voltages (e) and e>) 
are 180 degrees out of phase with each other since the switch is fed 
from either end of the loop A to ground. The output of loop B is coupled 
to a radio frequency switch (switching at frequency fo). A sense antenna 
signal is shifted 90 degrees and combined with each of the outputs of 
the radio frequency switches. When voltages e, and e5 are added to the 
sense antenna voltage, the result is a square wave modulated signal. 
Similarly e3 and es (voltages from switch B) give square wave modulated 
signals. When these two square wave signals are added they result in a 
complex envelope. This envelope is non-recurrent in shape due to the 
choice of frequencies f, and fa having non-integral relationship. 

The resulting radio frequency signal passes through a conventional 


receiver. The detector output consists of the combination of two square 
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waves of frequencies f; and f5 and is coupled to buffer amplifiers 
and thence to synchronous rectifiers. The synchronous rectifiers segre- 
gate the N-S and E-W intelligence and provide d c voltages which are 
proportional thereto. Fundamentally the circuit consists of two triodes 
operated as balanced modulators, as shown in figure 8a. Each rectifier 
is switched synchronously with its associated radio frequency input 
circuit. The detector output is coupled to the triode grids in parallel, 
while the square-wave switching voltage is applied in push-pull. Each 
tube is biased to have the tube operate Class A during the "on" period 
of the switching cycle and cut off during the "off" portion of the cycle. 
A difference voltage is produced at the plates of the rectifiers which 
is proportional in magnitude to the peak amplitude of the input square 
wave of like frequency. The polarity of this difference voltage is 
determined by the relative phase of signal and synchronous voltage applied 
to the grids of the synchronous rectifier. The output voltage is then 
connected to an appropriate pair of oscilloscope deflection plates. The 
oscilloscope electron beam is deflected out in an XK and Y direction pro- 
portional to cos J and sin @ and therefore indicates the direction of 
arrival of the signal. 

A variation of this system (see figure 9) makes use of four loops 
connected in two pairs.4 Each pair is oriented 90 degrees from the other 
pair. When the signal voltages from each coil are combined with the 
sense antenna voltage, they result in four heart-shaped patterns. of 
reception, each pattern 90 degrees removed from each other. The voltage 


induced in each loop depends on the agimuth angle of the received 
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signal (see figure 10). Each of the loop voltages is sequentially 
sampled for a fraction of a second several times a second, amplified by 
a receiver and a D.C. amplifier. This results in an output waveform 
having the same fundamental frequency as the sampling frequency and 

each cycle divided into quarters. This is accomplished by making the 
Sampling time equal to ome quarter the period of the sampling frequency. 
The amplitude of each quarter cycle is proportional to the voltage picked 
up in the corresponding antenna loop coil. 

The switching systems are unique and interesting. The master control 
for input and output switching consists of four blocking oscillators 
which use similar circuit values and each is inductively coupled to the 
preceding oscillator. Each stage is activated by the termination of the 
preceding stage conduction. Absolute control of the period of conduction 
is accomplished by making use of a separate pulse generator which limits 
the conduction time of each stage to about fifty percent of its normal 
period. 

Connected in series with each loop coil is a germanium crystal which 
acts as a varistor and forms an input switch. Each crystal is individually 
activated by the cathode current ot a corresponding blocking oscillator. 
in this manner one circuit is completed while the other circuits are 
virtually open due to the back voltage across the crystals. 

The output switching system consists of four thyratrons having 
identical load resistors and utilizing a common cathode resistor through 
an inductance. The voltage across this inductance caused by current 


flow through any of the thyratrons is sufficient to bias the other three 
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thyratrons below cutoff. Output switching consists of coupling a 
momentary negative pulse to the grid of the direct current voltage 
amplifier by means of a winding on the frequency control pulse | 
generator transformer, This causes the voltage amplifier to cutoff 
and removes plate voltage from the conducting thyratron and deionizing 
it. Simultaneously, the grid of the following thyratron is driven more 
positive, permitting ionization by virtue of the reduced grid bias 
resulting from the corresponding four phase oscillator triode's 


conducting, 
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CHAPTER THREE 
VERTICAL ANTENNA SYSTEMS 


A loop antenna is susceptible to polarization errors (as discussed 
in Chapter Five) and from attempts to reduce this fault, the use of 
vertical antennas evolved. The reasoning that voltages induced in the 
horizontal members of the loop was the cause of polarization error led 
engineers to try to eliminate the horizontal members. From studies in 
this direction evolved the well-known ADCOCK antenna system for use in 
direction finders. Today most ground station direction finders use 
several vertical antennas from which they derive the information. 

Basically a single element could be used if it were moved around 
some closed path. In this manner the distance from the transmitter to 
the element will vary with time and the voltage induced in the element 
will be modulated in phase. The type and extent of the modulation 
depends on the size and shape of the path the element follows. The 
frequency of the modulation envelope will be the same as the frequency 
with which the element travels the path. In particular, the phase 
modulation envelope will be related in some definite manner in time to 
the direction of arrival of the received signal and thus its direction 
may be obtained from the time/phase relationship of the phase modulation 
envelope. 

The time reference can be fixed by the movement of the element 
itself. By converting the movement to a voltage wave, the bearing can 
be derived by comparing the constant phase of the motion-derived voltage 


and bearing dependent phase of the signal phase modulation envelope. 
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If the motion of the element is confined to a circle, then both 
the motion-derived voltage and the signal phase modulation will be 
sinusoidal. By linearly demodulating the phase modulated signal, there 
results a sinusoidal voltage having the same frequency and phase as the 
original phase modulation envelope. The demodulator output voltage ani 
the reference voltage are compared to give the desired bearing information. 
The system is inherently accurate because, owing to the linearity of the 
process of modulation and demodulation, no spacing or repetitive error 
can be produced. 
This scheme presents one insurmountable obstacle in that it is 

practically impossible to rotate the element antenna in a circle. A 
physically realizable circle is so small compared to a wavelength that 
the amount of modulation would be too small. Rather than rotating one 
element in a circle, a number of similar elements equally spaced around 
a circle may be used; the voltage induced in each element being sequenti- 
ally sampled. In this manner the same effect as rotating the single 
element is derived. Instead of a continuous modulation however, this 
system generates a series of abrupt changes of phase. Simple phase- 
demodulators or discriminators are not linear in action over a very 
large rate of phase change. In particular, an instantaneous change of 
phase represents frequency modulation whose envelope is an impulse 
function clearly exceeding the linear range of a practical discriminator. 
Repetitive error is hence encountered which is due to the distortion of 
the phase of the wanted component in the audio frequency output by 
secondary demodulation products of the same fundamental frequency, which 


exist because of the non-linear characteristic of the discriminator. 


A9 
©) 


(is kd yedttee © Or Barl ie 0c twemebe wet ie ovhew atl 1T 
~~ ike moter rm Lege er Gee epetioy tevevebrelicr all 
wot , Cake ereditiow weedy 0 pritoliteeed ofr! go eheerunts 
ou ee eeay Lew Quote eee 08) elem! emetion (etiiemewte o efdnez: 
at eee Bye Tide D eed tT eeeT enue eolfyidce sexier litte 
aeL iach wtimed Bettesh atl ovis of beucme ree neiliy momma tes al 
oak eo Pitta! war et yrine ounce! edeureee cldietech) ot este adT 
ew weld itewes wm writer oo wot tedtiecwel ba mid Die Io smell 
7 decwbev, a Aad 

a9 th Fach ak elowdeds ofdsdraewarsnd om 4 dimers) wails Birt 
2 wits © 0b faeles tierily Me aieten 0) wie ieeoged Fileckiey 
Sec Velgaeimee ee! became (lems ire gh roko ~ cd we Ehincetaryly 
ee oblate: cali oaithen fem are ed ULiy oni Liibew te fmm Wn 
Nan Receoe rElanie eirmmemin “elie Wo sock phonic «Ai Cmmmalie 
nha ete dewmese slsee mi amend epatioy edt yma aT cut wlnate @ 
aierue wht wal dedvir me dow) yh od! pasate Fld! Fl ote Dgear OLTe 
dhe) ROR Eee eriinidans © 10 petit .tuyi-et Uti 
ht, ptt at, teh noha Nipye TO hee > eo ee 
Cot ver me adie ot eral! Fur enh pidetinineate a0 omeetutiot 
W Hie euimetndea) ae etobiees ptt Bence © ore aorta 
weve ab 6) egeierae psc) Gul TA ory Mee bn~T WEL 
welled leat 6 th ew! Sui GW) Golem {hoe Celie 
We eb eit th ol eh ER be ip ee pie BY fioeyt welt ident 
Ch Fiephiy qurmies® Atle et! cf Batidgmmd (atti FF De en cty welt 
ee cost (ble ee OH of Opal tom! (ust 
Se te ee te 











In order to obtain as much linearity as possible in the process of 
demodulation and hence restrict the size of the repetitive error, it is 
customary to compress or reduce the phase excursion of the signal before 
applying it to the discriminator. The compression of the phase is achieved 
by delaying part of the signal for a time equal to, or to a multiple of, 
the period of activity of one element and then deriving a secondery 
signal that has a phase modulation whose extent at any instant is equal 
to the instantaneous difference between the phase modulation of the 
delayed and non-delayed parts of the signal. The phase excursion on 
the secondary signal will be smaller than that on the original because a 
process of differencing has, in effect, been applied to the original 
phase modulation. 

The delay method may be eliminated if two elements are assumed to 
be rotated simultaneously in a circular path. Comparing the direct 
output voltage of these two elements yields the same resultant differential 
phase modulation. This method has the edvantage that any random fluctua- 
tions of signal carrier phase is received simultaneously by both elements 
and vanishes when the phase measurement is made. If the signal from 
one element of a pair is displaced in frequency, a secondary signal of 
constant mean frequency is obtained when the two signals are combined. 
Demodulating this signal and comparing it to the phase of a reference 
voltage gives a direct and unambiguous measure of bearing. 

A system (2-20 mc) using single-positional commutation? operates as 
follows ( see figure 11.). Twelve vertical aerials are equally spaced 
around the circumference of a circle epproximately 150 feet (45 meters) 


in diameter. The rectangular positive pulses, of ‘on/off! ratio 1:11, 
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used to sample the antenna output are obtained in the correct time 
sequence from a 12 phase phantastron generator, which operates at an 
overall frequency of 100 cycles. The commutated radio frequency signal 
derived from the antennas is fed to a conventional superheterodyne re- 
ceiver and the IF (580 kc) frequency is limited and mixed with a 100 ke 
erystal controlled oscillator output. The difference frequency of 480 ke 
is passed through a 833 microsecond delay network. This delayed signal 
is then mixed with the original undelayed 580 ke signal and a 100 ke 
difference frequency is obtained, which is of constant carrier frequency. 
This is further limited and then subjected to the action of a sinusoidal 
discriminator from which an audio frequency wave of 100 cycles is 
obtained. The 100 cycle output of the discriminator and the 100 cycle 
reference from the 1200 cycle oscillator are compared in a phase comparing 
network and the DC output actuates a cathode ray presentation, 

The complexity of the above system may be avoided in a pated’ which 
uses an antenna system consisting of four omidirectional antennas (see 
figure 12) uniformly spaced on the circumference of a circle. The field 
of the received wave at the center of the antenna system is taken as a 
phase reference. This system differs from the usual system in that the 
collector elements are not combined directly in pairs to produce the 
crossed 'figure-of-eight pattern' of reception. In this system each 
collector element is independently modulated in an individual balanced 
modulator and signals from alternate collectors are modulated in quad- 
rature. Four equal amplitude modulated carrier~suppressed signals are 
produced. Each carrier-suppressed signal has a fixed envelope phase but 


the high frequency phase is a function of the horizontal direction of 
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arrival of the signal. These four signals are additively combined in a 
common impedence and a resultant signal is obtained that sinusoidally 
varies as the angle of arrival of the wave, the carrier frequency, and 
the modulating frequency. 

In this system use is made of a novel phase meter method of presenta- 
tion and measurement by means of a cathode ray tube. A linearly polarized 
field is obtained from two oppositely directed circularly polarized fields. 
The circularly polarized fields result from the combination of a scanning 
oscillator and the modulating frequency in two balanced modulators. The 
scanning oscillator frequency is applied in phase to the modulators while 
the modulation frequency is applied in quadrature to the same modulators. 
The upper sideband from one modulator is in phase quadrature with the 
upper sideband from the other. One modulator output is applied to the 
vertical deflection plates of the cathode ray tube while the other modu- 
lator output is applied wend horizontal plates. Since the sidebands 
are in phase quadrature and they are applied to space quadrature plates, 
they produce a circularly polarized field. Similarly the lower sidebands 
produce a second and oppositely directed circularly polarized field. 

These circularly polarized fields differ in frequency by twice the modulat- 
ing frequency and the effective phase difference between them changes at 
the rate of twice the modulating frequency. The plane of rotation of 

the linearly polarized field will rotate if the relative phase of the 
circularly polarized fields is changed. This rotation is equal to half 
the difference in phase. Hence the cathode ray beam is acted upon by a 
linearly polarized deflecting field which rotates with the same frequency 


as the modulating frequency. 
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CHAPTER FOUR 
OMNI DIRECTIONAL RANGE 


A more elegant form of direction finder has evolved in later years 
and is called ‘omnirange.' The ommidirectional range has elements in 
common with all other types of radio ranges and direction finding systems, 
and represents a refinement in practice rather than a fundamental departure 
in principle. It resulted from the need to replace the presently exist- 
ing systems of radio beacons which afforded only a few (usually four) 
selected approach paths to a desired location. 

In the basic omnirange systen’ an antenna having a heart-shaped 
pattern is rotated so that its field strength at any point in space 
varies as a sine wave. This sine wave frequency is the same as the 
rotation speed of the antenna and the phase of the sine wave is 
proportional to the azimuth angle around the omnirange station. True 
azimuth angle may be obtained by comparing a reference signal of constant 
phase synchronized with true north with the received signal. One 
degree of phase will then equal one degree of azimuth. 

Greater accuracy can be obtained at microwave frequencies by using 
greater phase shift per degree of azimuth. By superimposing the pattern 
from an antenna having several lobes or scallops (for example, 11 lobes) 
on the original single heart-shaped pattern, it is possible to have 
eleven cycles of sine wave for me complete rotation of the antenna and 
one degree in phase equals one-eleventh of a degree of azimuth. There 
is no ambiguity present because the average value of the eleven cycles 


varies as the sine wave produced by the heart-shaped pattern. This sine 
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wave may then be used as a coarse measure and the sine wave from the 
eleven cycles can be used as a fine measure, 

The receiver in this system receives four signals-- 'a coarse! and 
'a fine' variable phase signal which represents azimuth and 'a coarse! 
and 'a fine' constant phase reference signal which represents north. 
Two phase detectors compare the ‘coarse! and the ‘fine! signals-—- the 
reference signal being shifted before applying it to the detectors. This 
phase shift is caused by the output of the phase detectors and continues 
to be present until the reference and variable signal have the same phase. 

The previously described system entails many complexities in the 
design of a rotating antenna and the use of the eleven cycle pattern 
superimposed on the original cardioid. A system® which by=passes these 
difficulties and performs the same functions but with less accuracy uses 
a fixed antenna system of five radiating elements located approximately 
at the corners of a square and at the center of the square (see figure 
13). Opposite pairs of antennas are operated 180 degrees out of phase 
and the electrical spacing between the elements is small compared to the 
wavelength, The pair of antennas with currents I, (see Figure 13a) 
produces the figure-of—eight pattern Ecp}. Similarly, the pair of 
antennas with currents I, produces the pattern Eqpo. The centre 
antenna with current I, radiates the Ee pattern. The three patterns 
combine in space to produce an amplitude-- modulated wave whose modulation 
frequency is //2r. The most significant characteristic about this 
amplitude-- modulated wave is the phase angle of the modulating frequency, 


which varies as the azimuth angle, %, for small values of spacing. 
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In this system the antenna array is not rotated but the array pattern 
is rotated by means of a capacitor which is driven by a synchronous motor 
at 3600rpm. This capacitor (called a goniometer) consists of two mechani- 
cal sideband generators on a common drive shaft, rotating at 3600 rpm. 

One sideband generator is oriented 90 degrees with respect to the other 

so that the electrical outputs of the two generators are in phase quadra~ 
ture at the modulation frequency, as shown in Figure 13b. The currents 
flowing in the loads 2Zo of Figure 13b are of two frequencies, one higher 
and the other lower than the carrier frequency by the goniometer rotation- 
al frequency. Also, the number-l and number-2 outputs consists only of 
sidebands that are 90 degrees out of phase at the modulation frequency. 

In this manner each direction in space will have certain phase 
relationship of the rotational frequency since the pattern effectively 
rotates. Hach degree of phase equals one degree of azimuth and can be 
compared to a reference signal provided by sixty cycle modulation applied 
to a 10 kilocycle subcarrier which, in turn, modulates the carrier 
radiated from the antennas. A small shaft driven by the synchronous 
motor which rotates the capacitor provides the reference modulation. Thus 
a constant phase relationship is provided between the two signals. 

The omnirange receiver (see figure 14) consists of a typical VHF 
superheterodyne up to and including the second detector. Following the 
second detector is a cathode follower and a filter to separate the 10 
kilocycle subcarrier and a third detector to detect the reference phase 
voltage from the modulated subcarrier. The reference voltage is amplified 


and applied to one set of deflecting plates of a cathode ray oscilloscope. 
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This same audio frequency is shifted 90 degrees and this shifted fre- 
quency is applied to the second set of deflecting plates. In this manner 
a Lissajous figure is formed consisting of a circle made by motion of the 
cathode spot. Effectively the cathode spot rotates in a circle ata 
speed which is directly a function of the audio frequency. This spot then 
occupies a position on the screen corresponding to the phase of the 
modulating frequency at the transmitter and the position of the receiver 
with respect to the transmitting station. 

In this system, in addition to the provisions previously mentioned, 
a method is provided for momentarily stopping all transmissions when the 
maximum of the cardiod reaches a true north position. When ever this 
momentary stopping of the transmission occurs, the spot will no longer 
be affected by the deflecting plates and it will tend to travel to the 
outer edge of the screen. It returns to its orbit as soon as the radia- 
tion is again present. The result is a circle with a vee notch on its 
periphery. The position of the notch is the bearing of the receiver with 


respect to the transmitting station. 
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CHAPTER FIVE 
LIMITATIONS OF SYSTEMS 


Although direction finding affords many useful applications it is 
unfortunately inherently subject to error which reduces its usefulness, 
unless these errors are recognized and taken into account. Basically 
any type of radio compass is simple to use; a great deal of care is 
required, however, if reasonable accuracy is to be obtained. Under the 
best conditions of navigation and good received signals, the errors are 
limited to ® 2°. Usually, however, they range from + 3° to *5°. The 
accuracy depends not only on skilled operation and steady flight but 
also on the accuracy of calibration of the antenna system. This cali-~ 
bration must be done carefully for each aircraft (or vessel) and for 
each position of the antenna (if rotating) because the metal structure 
of the aircraft (or vessel) varies the amount of energy received by the 
antenna from certain directions, 

The most outstanding disadvantage of the loop antenna is its 
ability to follow swinging bearings caused by ray interference due 
either to waves reflected from the ionosphere or from mountainous 
country over which the aircraft is traveling. This is usually called 
tight effect', Normally the loop receives horizontally propagated rays. 
However, the reflection from the ionosphere and mountains cause the pro~ 
pagation path to become diagonal causing the arriving wave to have verti- 
cal as well as horizontal propagation components. The horizontally pro- 


pagated component results in a magnetic field in the horizontal plane 
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and the loop pickup is zero when the magnetic field is parallel to the 
plane of the loop. 

The downward directed wave may be either of two cases. The plane of 
polarization may either lie along the direction of propagation or rotated 
90 degrees to the direction of propagation. The former is called a 
‘normally polarized! wave while the latter is called an ‘abnormally 
polarized' wave. The ‘normally polarized! wave does not affect the 
operation as it results in a magnetic field parallel to the loop and 
hence the same null position as the horizontally propagated component. 

In each case of normal polarization the magnetic field is perpendicular 
to the direction of propagation. The ‘abnormally polarized! wave, on the 
other hand, being rotated 90 degrees, results in a magnetic field vector 
parallel to the direction of propagation and hence gives an apparent 
bearing 90 degrees displaced in azimuth from that of the preceding 

cases. It is this component which accounts for the errors in medium 
wave direction finding at night and for the major errors at all times 

in short wave direction finders. 

In the omnirange system aircraft propellers cause the received 
signals to modulate. As a result of this modulation the direction 
indication will oscillate depending on the amplitude and rate of the 
propeller modulation. A frequency of 30 cps for the variable and 
reference phase signals would be most desirable since the cruising 
propeller rpm of all known aircraft produces a propeller modulation 
frequency higher than 30 cps. 

Regardless of the type system, reasonably good site location for 


the transmitter is required. Surfaces formed by objects, such as trees, 
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buildings, wires, hills, and the like, reradiate or attenuate energy 


from the antenna system. 





CHAPTER SIX 
FUTURE DIRECTION FINDER SYSTEMS 


Essentially omnirange is the direction finder of the near future. 
Present trends and efforts are all directed toward a future system 
involving the integration of omnirange, distance measuring equipment, 
and instrument landing systems. Each will be separate and distinct 
systems working in conjunction with the others. Much greater accuracy 
and speed of presentation will be obtained by the use of high speed 
loop antennas (when used), motor driven tuning controls, crystal oscil- 
lators, use of turret tumers, and any other mechanism (mechanical or 
electronic) that will make the system as near fully automatic as 
possible. 

At present a system? is being evaluated which includes a 35 mm 
film strip projector, very much like a slide projector, installed 
behind a 10 inch translucent screen. The film cartridge contains 100 
feet of film which furnishes as many as 700 navigational charts, each 
centered at an OBD ground station (OBD is the abbreviation for a con- 
bined omnirange and distance measuring equipment.). Important areas 
may be represented on several different charts which are drawn to dif- 
ferent scales. When the pilot selects an appropriate chart and adjusts 
the illumination level, the electronic equipment starts to operate. 
Coded holes punched in the film energize equipment to tune the receiver 


to the correct OBD station and match the scale of the computing mechanism 
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to the scale of the chart. A miniature airplane is positioned by two 
servomechanisms on the projected image of the chart. A third servo- 
mechanism orients the miniature plane and an attached arm in accordance 
with the magnetic heading of the actual plane. Position should be 
indicated correctly to 0.4 mile in distance and approximately 0.5 
degree in azimuth. The maximum range is 115 miles and the pilot 
changes the charts at 20 to 30 minute intervals on the average. Thus 
with a compact, simple, and up to date presentation of his situation 
constantly in view, the pilot may choose to follow the course by manual 
control, or may apply appropriate instructions and corrections to the 
autopilot. This is the system of the near future and merely the pro- 


mise of what is expected to follow. 
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